With the right and the left waves of an electron, plus the left wave of its neutrino, we write the tensorial densities coming from all associations of these three spinors. We recover the wave equation 
Introduction
The standard model of quantum physics uses the Dirac equation for the wave of the electron and the wave of the electronic neutrino. Weak interactions mix the left wave of the electron and the left wave of its neutrino. We start from the rewrite of this part of the standard model in the Clifford algebra 1 of space-time [1] . We use a nonlinear homogeneous wave equation which has the Dirac equation as linear approximation. This wave equation has been extended to account for the electro-weak gauge group. It is a wave equation for both the right and left spinors of the electron and for the left spinor of the electronic neutrino. The wave is then a function of space and time with 12 real parameters.
We got with the 8 real parameters of the wave of the electron [4] 36 8 9 2 = × tensorialdensities 2 . Now with 12 real parameters 78 12 13 2 = × tensorial densities are awaited. We shall need most of them, so the first part of this study reviews these 78 densities.
In the case of the electron alone the wave equation comes from a Lagrangian density and this is true both with the nonlinear homogeneous equation and with its linear approximation. The difference between these two densities is in the mass term. We got an invariant form for both equations. Since there are 8 real parameters, the wave equation is equivalent to 8 equations. The real one is the cancellation of the Lagrangian density, and another one is the conservation of the current of probability.
It is well known that the electro-weak theory has a problem with the mass term of the Dirac equation, because this term links the left spinor and the right spinor that behave differently in the electro-weak gauge. Then this part of the standard model begins with an electron without mass term and a complicated model of symmetry spontaneously broken is necessary to get a mass term. The aim of this article is to study a wave equation with a mass term that is both relativistic invariant and gauge invariant under the electro-weak gauge group. This was previously thought as impossible.
An invariant form of this wave equation also exists; the Lagrangian density is the real part of this invariant form. We get the wave equation by the Lagrangian mechanism. The conservation of the total current is one ofthe numeric equations equivalent to the invariant form. The Dirac equation with mass term is the linear approximation of our wave equation for electron + neutrino when we cancel the wave of the neutrino.
Tensors
Each of the three spinors has 4 parameters, and then each gives 4 5 2 10 × = components of tensors, a spacetime vector (4 components) and a space-time bivector (6 components) .
With the only right spinor R φ of the electron It is well known [6] that these currents R D , L D are the fundamental ones in the Dirac theory, and the usual currents Next with two of these three spinors we can get 16 densities. We begin with R φ and L φ . We let † 4 . To see this, we can consider the form invariance of the Dirac theory. M being any complex 2 2 × matrix, the transformation from the space-time in to itself, which to any
Lorentz dilation, product of a Lorentz rotation and of a homothety with ratio r satisfying
. Now with L φ and n φ we let The main invariant term of the electron wave is [1] mρ . Since we get now not only one, but three similar
terms, the natural generalization to the wave of the electron and its neutrino is 
Getting the Wave Equation
Since this invariant term is the generalization of the invariant mass term of the electron wave, since this term is the mass term of the Lagrangian density [1] , the Lagrangian density of the wave of the electron and its neutrino is the real scalar part
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Operators P µ are then generators of the ( ) ( )
Lie group of electro-weak interactions. We shall use 
which results from our choice [1] of Dirac matrices:
and we get
which gives ( )
Next we get, with
From (2.8) and (2.9) we get with
We then get
We next get ( )
With our matrix representation (2.7) of the space-time algebra, the real part of a multivector is the real part of the scalar part of the matrix. Therefore we get 
From (2.10) and (2.14) we get ( )
We next get And for (2.19) we have
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The Lagrange equation
Together these equations read
Multiplying by 2 we get
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Multiplying by 2 this reads
Adding (2.31) and (2.35) we get the wave equation
Without its mass term, this equation is the wave equation of the electron in the electro-weak theory [1] (6.57). The great difference is that there is now a mass term, and since the Lagrangian density is both relativistic and gauge invariant, we shall see that the wave equation with mass term conserves these invariant properties. The Lagrange equation 
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Multiplying by 2 this reads 
Invariances
With (2.2) and (2.42) we get The value of V is more simple because we get * . V ac = (3.3) We now review the form invariance of this wave equation; next we shall prove its gauge invariance.
Form Invariance
Under the ( ) This gives (3.5) since
And the wave equation is form invariant under
Cl then it is relativistic invariant.
Gauge Invariance-Group Generated by P 0
We shall use a convenient form of the projector 0 P (proof in 
This gives 
And we get 1  1  1  1  1  1  2   2  2  2  2  2  2 e ; e ; e . We must study
We get We may then say that the wave equation is gauge invariant under the gauge transformation generated by 0 P .
Gauge Invariance-Group Generated by P 3
This generator acts only upon left waves: we get And with left waves we get The covariant derivative is here reduced to
We let ( )
We get For A , which has a left and a right column, we note:
Since the same matrix multiplies the differential part and the mass part of the wave equation, we may say that this equation is invariant under the gauge generated by 3 P . We must remark that, even if the wave has value in the Clifford algebra of space-time, it is much easier to use its components in the Clifford algebra of space to get the gauge invariance. The Clifford algebra of space-time is too much symmetric to be the true frame for a gauge invariance which separates completely left and right waves.
Gauge Invariance-Group Generated by P 1
This generator also acts only upon left waves: we get 1 1 2 2 ; .
And with left waves we get
e cos sinˆˆˆs in cos
which reads with ( ) As previously, for A , which has a left and a right column, we note:
Since the mass term is changed exactly in the same way that the differential term we can say that this wave equation is gauge invariant under the gauge generated by 1 P . Now it is not necessary to study 2 P , since
We have then proved both the form invariance and the gauge invariance of the wave equation (2.43) under the ( ) ( )
Lie group generated by 0 1 2 3 , , , P P P P .
Conservative Current
We start from (2.36) and its conjugated equation:
and from (2.40) and its conjugated equation
The differential term of (2.
, which is equivalent to 0; 0 A B = = . To get the first equation we multiply (2.36) on the left side by e φ and (4.2) by † n φ , this gives Then the first part of (4.5) reads
Since the second part of (4.5) satisfies
It is a pseudo-vector in space-time and we let Similarly we let 21  3  2  1  1  2  0  3   2  1  1  2  0  3  32 .
Next we get, with Appendix A: 
We also need
We get with Appendix A: 
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Concluding Remarks
The conservative law
is obviously the simplest equation in (4.19) . Contrarily to the case of the electron alone, where 3 D is also a conservative current [4] , we get here only one conservative current. When the electron is alone, the conservative 0 D current is interpreted as the probability density of presence of the electron. It is really the relativistic generalization of the probability density of the Schrödinger wave. But it is nonsense to think the same for the 0 n D D + current, since we have here both an electron and its neutrino. The mass term of (2.43) replaces e ρ by ρ . This is enough to get a wave equation both form invariant and gauge invariant. To get this important novelty in the electro-weak gauge theory, the use of the Clifford algebra of the physical space is essential. It should be impossible to get this using only the algebra of Dirac matrices or the Clifford algebra of space-time. The physical reason is the difference between left and right waves.
We previously studied [9] a wave equation for the electron, with a mass term similar to the mass term obtained here to account for the electron and its neutrino. Another difference between this study and the present one is the role of the Lagrangian density. In the case of the electron alone, or here, the link between the Lagrangian density and the wave equation is double: the Lagrangian density is obtained from the real part of the invariant wave equation, and the wave equation is obtained from the Lagrange equations. Developing the first equation (4.19) and using (2.25) we can see that the first equation (4.19) is 0 2 =  . In [9] , we studied a case, which could be extended to the present study, where this double link is cut. The Lagrangian density is again obtained from the real part of the invariant wave equation, but the wave equation cannot be obtained from the Lagrange equations. ; ;
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The space-time bivector n S satisfies The space-time vector L D satisfies ( )
The space-time bivector L S satisfies Next we use 
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